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Description 



The present Invention relates to a piograinmaWe 
elament for a eemiconductor IC (Wegmted circuit) ^ 

^An element utilizing the electrical breakdown of 
en Insulating layer thereof for etoriivlnfbrmat^ 
been proposed. That Is, a conduction established m 
the kisutating layer by electrical breakdown to assig- 
ned to erttwIogicaJM- or TT in tttu^^ to 
a prograntnable element was first dlsdosed by one of 
the co-Inventors of the present Inventton and to des- 
cribed m the Japanese Patent No. 1195815 of March 
12, 1984. Other subsequent patent applications reiat- 
tag to programmable elements of this type have been 18 
filed, Including a Japanese patent appTication 
publlshad under No. 80-74669, Apr! 26, 1985. dis- 
closing the structure and fabrication processes of a 
PROM (programmable read only memory) and a 
mask ROM, and a United States patent application 20 
fled September 2. 1988, dsdosing a structure of a 
PROM and a write operation for protecting non-selec- 
ted memory cells from erroneous write- in. A c om- 
prehenslve presentation of the programme 
element was given at the 1985 IEDM Ontemattonal » 
Bectron Device Meeting), Washington, DC. under 
the title of "A NEW PROGRAMMABLE CEU UTILIZ- 
ING INSULAR BREAKDOWN" by the co-lnventora. 

The programmable element which b hereinafter 
named BIC {Breakdown of Insulator for Conduction) » 
cefl, has a structure comprising an Insulating layerfdr- 
med between a couple of electrode layers. Typical 
applications of BIC eel Include memory cells for a 
PROM (programmable read only memory) and 
switching means for a redundancy circuit (a row or 55 
column of a memory cell array) In a RAM (random 
access memory). In a PROM, for example, each of 
BIC ceils Is formed on a semiconductor substrate so 
as to be associated with a corresponding one of 
arrayed transistors or diodes formed in the substrate, <o 
and thus, constitutesamemory cell disposed in a mat- 
rix arrangement The memory cell is programmed 
when the Insulating layer of the BIC ceil is broken 
down by a voltage applied thereto. In this memory ceu, 
the BIC cefl can be formed directly on the associated 48 
transistor or diode In the manner that the Impurity df- 
fusion layer tor the drain or coiector of the transistor, 
for instance, Is used as one of the electrodes of the 
BIC ceH/rhto means that a BIC cefl can haves struc- 
ture stacked on each MIS FET, constituting a memory 60 
cell together, and hence, does not require a particular 
chip area therefor In contrast with prior art programm- 
able elements such as fuses or PN junior* used to 
a conventional PROM. Hence, an Increase In the 
packing density of the PROM can be achieved by « 
using BIC cells. 

The BIC cell Is designed so as to have a program- 
ming voltage, Le, breakdown voltage of the Insulating 



layer, which is in a predetermined voltage range. Ttiat 
Is, the upper limit of the breakdown voltage must be 
lower than that of other circuft eleinents, typically, the 
PN Junction formed by the aforesaid N* impurity dttfu- 
elon layer and the P-type substrata, for example. The 
lower Omft of the breakdown voltage must be higher 
than the normal operating voitao^fteread^vort- 
age of a memory eel, for example, in order to avoid 
erroneous programming of non-seiected memory 
cetla during the read operation. Aoccrdlngly, the 
breakdown voltage of the Insulating layer Is to be In 

the range from 10 to 20 volts, in general 

The insulating layer of prior art BIC cells is formed 
by oxidizing a doped-pdysflteon layer. The above- 
mentioned Japanese patent discloses that a silicon- 
oxide layer formed from a dor>ed-po»ysllcon layer 
implanted with arsenic atoms to a dose of about 
1x10^cm* exhibits a breakdown voltage of 30 to 
about 50 vote for a thickness of 120nm 

However, the breakdown voltage of a sfltcon- 
oxkte Insulating layer formed by oxidizing such a do- 
ped-poiysnicon layer Is relatively high as 25 volts and 
aTstributaswttiarange as broad as±7 volts. Further, 
the resistance of the BIC cells thus fabricated has a 



relatively high value ranging between 1 kohms and 10 
kohms. This high resistance is provided by the polys*- 
Boon layer which ads as a resistor after the write oper- 
ation. The high resistance Inevitably results In a low 
speed In the read operation of memory cells each 

comprising a programmed BIC cell. 

On the other hand, a sBicon-oxloe layer formed oy 
thermally oxidizing a single-crystaKsnicon substrate 
cannot be used for a BIC cell, es briefly discussed 
below. The electric field threshold for the intrinsic 
breakdown of ellcon dioxide (SKy such as silica Is 
approximately 10 MV/cm. Therefore, It seems that a 
programming voltage of 10 to 15 vote In the BIC cell 
could easily be achieved by creating a sDfcon-dioxlde 
layer having a thickness of 10 to 15 nm. However, 
there Is a mode of breakdown which Is oonslderedto 
be due to a certain type of lattice defect In the silicon- 
oxide layer, and tower breakdown thresholds dis- 
tributing around 3 MV/cm are revealed. This means 
that BIC cete In a non-selected memory cell should 
erroneously be programmed by a low voltage, such as 
5 volla, applied to the sBlcorKoide layer during the 
readout operation, for example. 

it is, therefore, an object of the present invention 
to provide a programmable element or BIC cefl which 
can be etabty programmed by a predetermined write- 
in voltage. 

It Is another object of the present Invention to pro- 
vide a BIC ceil having an improved insulating layer. 

According to the Invention, these and other 
objects are reached by a programmable element com- 
prising : a lower electrode layer formed on a sub- 
strate ; an Insulating layer composed of at least two 
dielectric material flms, for example a relatively thin 
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eincorwfloxide film and a relatively thick aJDeon-nftrfde 
fBm, the dielectric material films being successively 
formed on the lower electrode layer; and an upper 
electrode layer formed on the Insulating layer, the 
upper electrode being separated from the lowereleo- e 
trode by the Insulating layer, such that the programnv 
abJs element It provided wfth a oonduction path 
between the lower and upper electrodes when a volt- 
age capable of causing an electrical breakdown in the 
insulating layer Is applied between the lower and 10 
upper electrodes. 

Further objects, features and advantages of the 
present invention wfl become more apparent from the 
following description made with reference to the 
accompanying drawings wherein : 16 
Fig. 1 tea cross-section Uustrating a fundamental 
configuration of a prior art BiC oefl ; 
Fig. 2 te a cross-section Uustrating another con- 
figuration of a prior art BIC cell ; 
Fig. 3 is s crose-eectJon Uustrating a BIC cell 20 
comprising an N* region which Is commonly 
shared with a MIS FET formed together on a sub- 
Fig. 4 tea cross-section schematically Illustrating 
a conduction p ath formed In fte Insulating layer of 2s 
a programmed BIC cell ; 
Figs. 6 and 6 are equivalent circuta respectively 
corresponding to a BIC eel before programming 
and after programming 1 

Figs. 7A to 7G are cross-sections Uustrating a so 
method for fabricating a BIC cell according to an 
embodiment of the present invention ; and 
Fig. 6 Is a cross-section Uustrating a BIC ceil 
according to another embodiment of the present 
Invention. 38 
Fig. 1 is a cross-section Uustrating a fundamental 
configuration of a prior art BIC cefl comprising a lower 
electrode 1 formed on a substrate 2 such as a aflicon 
IC chip. An insulating layer 3 to formed as shown in 
Fig. 1 so as to electricafly isolate the electrode 1 from 40 
the substrate 2. Another insulating layer 4 b formed 
to cover electrode 1 . The insulating layer 4 is a sfllcon- 
dtodde layer formed by oxidizing the electrode 1 
which is made of a polysllcon layer, for example. An 
upper electrode 5 is formed as shown in Fig. 1 sobs 45 
to overlap the lower electrode 1 wfth the Intervention 
of the insulating layer 4. The upper electrode 5 can be 
made of a conventional electrode material such as 
aluminum (AQ, molybdenum (Mo) or platinum (Pt). 

If a BiC cell is selected to be programmed, a voft- so 
age large enough to cause an electrical breakdown of 
the Insulating layer 4 Is applied between the elec- 
trodes 1 and 5, hence e oonduction path connecting 
the electrodes Is formed In the Insulating layer 4. As 
already mentioned, If the poJysfilcon layer constituting as 
the electrode 1 is doped with arsenic atoms by an Ion 
implantation, for example, to a concentration up to 
1x10"/cm* a sBlcon-dioxide layer 4 having a thick- 



nese of about 120 nm can be programmed wfth the 
application of a voltage of 30 to 50 volts. 

Fig. 2 is a cross-section Uustrating another con- 
figuration of a prior art BIC cefl, wfth a lower electrode 
formed by an Irnpurity difrustenlayer6euchasanN* 
region formed in a P-type-eJicon substrate 7. In this 
case, an Insutatfcg layer 9 having a contact hole 8 to 
expose the N* region 6 therethrough is formed on the 
substrate 7. Another insulating layer 10 is formed to 
cover the region 6. The Insulating layer 10 may be a 
sfllcorwfloxkie layer of a thermalry-oxiolzed-pc^ysll- 
con layer (not ahown) formed on the region 6, as dis- 
closed In the above-mentioned Japanese patent 
No.1 195815 and patent application Na60-74889. An 
upper electrode 11 of aluminium, for example, b for- 
med on the Insulating layer 10. 

The Irnpurity diffusion region 6 es shown In Fig. 2 
maybe an N* (orP*) region ofadlodeora drain region 
of a MIS FET (metal insulator semiconductor field 
effect transistor) formed In a semiconductor sub- 
strate. Fig. 3 Is a cross-section Oiustrating such a BIC 
eel comprising an N* region commonly shared with a 
MIS FET, the BIC cell end the MIS FET being formed 
together on a semiconductor substrate for constitut- 
ing a memory cell. Referring to Fig. 3, the BIC oefl 
comprises an N* region 12 formed In a semiconductor 
substrate 13, an Insulating layer 14 formed on the reg- 
ion 12 and an upper electrode 15 formed on the 
Insulating layer 14, and thus, has a configuration 
essentially similar to the one of the BIC cefl of Fig. 2. 
The N* region 12 also constitutes the drain region of 
a MIS FET comprising an N* source region 16 and a 
gate electrode 17. Thus, the N* region 12 fecommonry 
shared by the BIC ceU and the MIS FET. m Fig. 3, 
reference ruimerais 18, 19 and 20 respectively desig- 
nate a field axWe layer, an Insulting layer and a source 
electrode, ft Is obvious from Fig. 3 that there is no 
need for any Incremental chip area for the BIC cell 
sharing the region 12 with the FET, Thus, the BIC 
cefs can be formed on the semiconductor substrate 
wfthout decreasing the packing density of the FETa. 

The BIC cefl b p r o gram med when a voltage pulse 
fa applied between the lower electrode and the upper 
electrode so as to cause a breakdown in the insulating 
layer therebetween. Thus, a conduction path 21 com- 
posed of the upper electrode of aluminum, for 
example, Is established between the electrodes, as 
shown In Fig. 4. Uke reference numerals designate 
like or corresponding parts in Figs. 3 and 4. Figs. 5 
and 6 are equivalent circufts respectively correspond- 
ing to a BIC cell before programming and after prog* 
ramming. Before programming, the Insulating layer 22 
of a BIC cefl is non-conductive, as shown In Fig. 5. 
While, once a breakdown is caused therein, the circuit 
of Fig. 5 changes to a conductive state represented 
by a resistance R, es ehown in Fig. 6. rf the non-con- 
ductive state is assigned to logical TT and the con- 
ductive etate to logical 1 \ the insulating layer of a BIC 
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ce{] to be programmed as logical 1' Is broken down 
by a voltage pulse. 

When a plurality of such cells are disposed m X 
and Y directions so as to form a matrix arrangement, 
the cells which are programmed store logical "P data 
and non-programmed cells store logical "0" data, thus 
forming a programmable read only memory (PROM). 
The data are read out by applying a read out voltage 
to each of the cells and detecting a current flowing 
through each cell. Cells each having a detected cur- 
rent flowing merethrough are defined as to be In logi- 
cal "1" state and cells having no detected current are 
defined as to be m logical "CT state. 

A BIC ceO as shown in Fig. 2 can be used as a 
switching means for a redundant clrcuft In a semicon- 
ductor Integrated circuit When a memory cell array of 
an integrated semiconductor memory device Includes 
a defective memory cell, the array can be replaced by 
an equivalent redundant memory cell array provided 
In the memory device. Referring to a BIC cell as 
shown In Fig. 2, If the N* region 6 has been Internally 
connected to a redundant memory cell array and the 
upper electrode 1 1 1s connected to a read/write circuit, 
the redundant memory cell array can be activated by 
causing a breakdown to the Insulating layer 10. 

Rgs. 7A to 76 are cross-sections Illustrating the 
various steps In the process of fabricating a BIC ceil 
according to the Invention. The present Invention BIC 
cell has a structure as shown in Fig. 7G, wherein the 
insulating layer 31 comprises a first dielectric ffim 32 
and a second dielectric fflm 33. That Is, In an embo- 
dknent according to the present invention, a double- 
layer-structured Insulating layer Is provided between 
a lower electrode 34, which Is an N* region formed In 
a semiconductor substrate 35, for example, and an 
upper electrode 36. The first dielectric film 32 and the 
second dielectric film 33 are respectively formed from 
different dielectric materials : the first dielectric ma- 
terial ffim 32 is composed of silicon nitride (SfaNJ and 
the second dielectric material film 33 is composed of 
slicon dioxide (SiOJ, for example. In Fig. 7G, the 
reference 37 designates an insulating layer com- 
posed of a PSO (phosopho-sflicato glass), for 
example. The PSG layer 37 is formed to cover the 
substrate 35 and has an opening therethrough to exp- 
ose the N» region 34. 

In the above, a P-type well formed in an N-type- 
sllcon substrate may be substituted tor the substrate 
35. As In a prior art BIC cell, the BIC cell according to 
the Invention as shown in Fig. 7G, Is Diagrammed by 
applying a voltage pulse between the electrodes 34 
and 36 so as to cause a breakdown in the Insulating 
layer 31. 

The fabrication steps of the BIC cell shown In Fig. 
7G wfil now be described. Referring to Fig, 7 A, a sW- 
con-dioxide (SIOJ layer 38 having a thickness of 
about 20 run, for example, Is formed on a P-type 
single crystal silicon substrate 35 by oxidizing the aub- 



strate at about 950°C. Aresiatrr«skla^(notshown) 
is farmed on the > substrata 35 and patterned to expoee 
a predetermined region of the substrate 35. Then, 
arsenic ton knpiantation b performed In the substrate 
5 by using the resist mask layer. Thua, arsenic atoms 
(As) are selectively Implanted In the substrate 35, as 
schematic^ represented by a dotted 
7B. Exemplary conditions forme As ton Indentation 
Include ton energy of 100KeV and dosage of 4x10« 
10 ions/cm 2 for the As tons. 

The resist mask layer (not shown) and the SiOj 
layer 38 are removed and another SKfc layer (not 
shown) having a thickness of about 20 isnteformed 
on me substrate 35 by using a convert 
n at about 850*C Then, a PSG layer 37 having a thick- 
ness of about 1 micron is formed on substrate 35 by 
using a conventional CVD (chemteei vapor d epoarton) 
method, for example, as shown in Fig. 7C. The PSG 
layer 37 Is selectively removed to form a contact hole 
20 40 to expose the As ton implanted region 39, as 
shown In Fig. 7D, by using a convemlonaJdiy etching 
method. The substrate 35 is, then, heated In an Inert 
atmosphere such as ntrogen gas (NJ for about ten 
minutes at 1050* so as to provide the step at the 
25 periphery of the contact hole 40 with a genttoatope. 
The Implanted As atoms 39 are activated to form an 
N* region In the P-type substrate 35 during the above 
thermal process. 

A SW44 flm 32 having a thicknets In the range 
so between 5 and 20 nm b formed on the substrate 35 
and patterned to cover the contact hole 40 as shown 
In Fig. 7E and then, a SiO a Am 33 having a thickness 
In the range between 0.5 and 10 nm la formed on the 
SI3N4 film 32, as shown in Fig. 7F. Preferably, the sfll- 
36 conn^efam32hasathWmess»afgerbyafactor 
in the range of 1 to 40 than that of the afilcotHlioxide 
layer 33. The SKfefOm 33 may be provided by oxkfl- 
zing the surface of the SbN* film 32. Following the 
above, a layer of a conducting material such as s 
40 metal or a metal aOoy Including aluminium, molyb- 
denum or platinum, Is formed on the substrate 35 by 
using a conventional thin flm technology, aputtoring, 
for example, and patterned to provide a wiring layer 
36. Thua, a BIC cell in accordance with the embocfi- 
45 mertshowntoFlg.7G Is fabricated As In p^ 

eels, the impurity diffusion region 34 may constitute 
a drain region of a MIS FET formed In the substrate 
35. 

Fig. 6 shows another embodiment of a BIC eel 
so according to the invention, wherein the SIO2 flm 33 Is 
formed prior to the patterning of the SI5N4 flm 32 and 
patterned together with the SisNU fflm 32. Each of BIC 
cells shown in Fig. 7Q and Fig. 8 reveals desirably low 
programmirig-voltage characteristics and ON-etate 
69 resistance in the programmed state. The program- 
ming voltage, Le. the breakdown voltage of the 
Insulating layer 31. Is as low as 18 volte compared 
with 25 volte of the prior art BIC cell aa shown in Figs. 
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2 or 3 with 8 narrow distrf button such as ± 1 volt in con- 
trast to a bread distribution such as ± 7 volts in the 
prior art B1C calls. The resistance of the insulating 
layer 31 of the programmed BIC ceti ia as low as 500 
ohms compared with Ikohms to lOkohms In theprior 6 
artBIC ceils. 

As a variant the insulating layer 31 of the BIC cell 
according to the Invention may comprise an upper 
dielectric Em 33 of SJ 3 N 4 and a lower dielectric film 32 
ofSK>2 Instead of the upper SI Oj film 33 and the lower 10 
8J3H4 Aim 32 of Fig. 7G, or may have a triple-layer 
structure consisting of upper and lower S&2 fflms and 
an Intermediate SI3N4 film, tor example. In this last 
case, the upper sflteon-dloxMe film may be formed by 
partially oxydiztng the Intermediate allcon-nttride film. 15 

The reason why a low and stable programming 
voltage b achieved In the present invention BIC eels 
having a composite insulating layer as described 
above Is not elucidated yet This may possibly be due 
to the low leak current characteristic of the SiOj film 20 
and the leas concentration of local field In the S^M* 
film. That is, a SIOj f3m has a high resist*/ ty before ft 
is electrically broken down. On the other hand, a SI3N4 
film reveals a relatively large leak current flowing 
therethrough. The leak current in the SijN^ film is con- 25 
sldered to be carried through traps existing in the 
SisHi film and serves to reduce the concentration of 
local field to be established due to the lattice defects 
in the fBm. Accordingly, such a breakdown at a low 
field strength as caused in a thin SIO2 flm as men- so 
tfoned before is not usualy revealed in SfeN* films. 
However, the leak current in a Si^ film has so large 
a value as to cause an erroneous operation In a circuit 
comprising a number of BIC cells if the insulating layer 
consists only of a SI1N4 film. 35 

A BIC cell of the present invention comprises a 
relatively thick sy^, film and a relatively thin SJOj firm, 
wherein the relatively thick S^NI* film withstands the 
operating voltage until the write-in voltage is applied 
thereto, and the relatively thin SiOj fBm prevents the 40 
leak current to flow through the BIC ceil. Accordingly, 
it is obvious that the composite insulating layer of the 
present invention BIC cell is not limited to the combi- 
nation such as SlCVSy^ and SIOj/SUVSIQa but 
any different Insulating films having properties for 46 
exerting the same effects as those ofSIOj and SfeN* 
films, respectively, can be exmployed to be substi- 
tuzeo tnereror. 



Claims 

1. A programmable element for a semiconductor 
integrated circuit chip, comprising a lower electrode 
iayer(34)formedona8ubstrate(35) ; a first insulating a 
layer (31) formed on the lower electrode layer ; and an 
upper electrode layer (36) formed on the first insulat- 
ing layer, the upper electrode being separated from 



the lower electrode by the first insulating layer, 
whereby the programmable element is provided with 
a conduction path between the lower and upper elec- 
trodes when a voltage capable of causing an electri- 
cal breakdown In the first insulating layer Is applied 
between the lower and upper electrodes, 
ch ara c te rized In that said first insulating layer (31) is 
composed of at least two fims (32,33) of dielectric / ' 
materials, successively formed on said lower elec- 
trode layer (34), said dielectric material films having 
respective specific dielectric constants different from 
each other. 

2. A programmable element according to claim 1 , 
wherein one of said dielectric films is a sflicowiftride 
fBm (32). 

3. A programmable element according to any one 
of claims 1 and 2, wherein one of said dielectric flma 
Is a sflicon-dioxkle film (33). 

4. A programmable element according to any one 
of claims 1 to 3, wherein said first insulating layer 
comprises a relatively thin sflJcon-dioxide fHm (33) 
and a relatively thick sBicon-nRride fBm (32). 

5. A programmable element according to any one 
of the preceding claims, wherein one of said dielectric 
films is a sflton-nftride film (32) having a thickness In 
a range from 5 ran to 20 nm. 

& A programmable element according to any one 
of the preceding claims, wherein one of said dielectric 
firms is a sflicon-dloxJde film (33) having a thickness 
In a range from 03 nm to 10 rtm. 

7. A programmable element according to any one 
of the preceding claims, wherein said substrate (35) 
is a semiconductor substrate having a conductivity 
type and said tower electrode (34) is an impurity dif- 
fusion layer formed in said semiconductor substrate, 
said impurity diffusion layer having a conductivity type 
opposite to that of said semiconductor substrate, and 
said programmable element further comprises a sec- 
ond Insulating layer (37) formed on said semiconduc- 
tor substrate, said second insulating layer having a 
contact hole selectively formed therein to expose said 
Impurity diffusion layer (34), said first insulating layer 
(31) being formed on said contact hole so as to cover 
said exposed impurity diffusion layer and said con- 
duction path is established between said Impurity dif- 
fusion layer (34) and said upper electrode (36) by 
applying a voltage therebetween. 

8. A programmable element according to claim 7, 
wherein said second insulating layer (37) is com- 
posed of a phospho-alicate glass. 

9. A programmable element according to any one 
of claims 7 and 8, wherein said impurity diffusion layer 
(34) constitutes a drain region of a MIS FET (metal- 
Insulator-sentfconductor field-effect-transistor) for- 
med in said semiconductor substrate. 

10. A programmable element according to any 
one of the preceding claims, wherein said first Insulat- 
ing layer (31) includes a sfflcorwiftrlde fBm (32) and a 
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sUlcorwttoxide flm (33), said sflicon-nttride ffim (32) 
having a thickness larger by a factorin the range from 
1 to 40 than that of said sHteon-dtoxIde flm (33). 

11. A programmable element according to any 
one of the preceding d&fms, wherein sad first Insulat- 
ing layer (31) comprises an underlying afflcon-nWde 
«m (32) and an overlying sBicorwtaddefflm (33). 

12. A prog ra m ma ble element according to claim 
11, wherein said overlying sBicorwfloxMe film (33) Is 
formed by partially oxidizing said underlying sllcon- 
nitride layer (32). 

13. A programmable element according to any 
one of dalms 1 to 10, wherein said first insulating 
layer comprises an underlying afiicon-oToxide film and 
an overtying silicon-nitride film. 

14. A programmable element as set forth in daim 

13, wherein said first insulating layer further com- 
prises another sDlcon-oxlde ffen formed on said over- 
lying sBlcorwi&ride film. 

15. A programmable element 83 set forth In daim 

14, wherein said another sDteon-oxIde film on said sli- 
con-nlWde film Is formed by partially oxidizing said 
siteon-nftrkJe flm. 

16. A piogrammable element according to any 
one of the preceding dalms, wherein said upper elec- 
trode (36) is composed of a metal or metal alloy, 
Including aluminium, molybdenum or platinum. 



Anspruche 

1. Programmierbares Element fur ein integriertes 
HalWeiterschaJtungschip, mit einer unteren Bektro- 
denschlcht (34), die auf elnem Substrat (35) geblldet 
1st ; einer ersten Isollerenden Schicht (31), die auf der 
unteren Elektrodenschicht gebBdet 1st; und einer 
oberen Bektrodenschicht(36), (fie auf der ersten iso- 
llerenden Schicht geblldet 1st. welche obere Elektrode 
von der unteren Elektrode durch die erste Isdferende 
Schicht getrennt 1st, wodurch das proo/amrnlerbare 
Element mlt elnem Lettungsweg zwtschen den unte- 
ren und oberen Elektroden versehen 1st, wenn elne 
Spannung, die elnen elektrischen Durchbruch In der 
ersten teolierenden Schicht zu verursachen fahlg 1st, 
zwischen den unteren und oberen Eiektroden aufge- 
bracht wtrd, 

dadurch pekennzelchnet. daS die erste isolierende 
Schicht (31) aua wenlgstens zwel Rlmen (32, 33) aus 
dielektrischen Materiallen zusammengesetzt 1st die 
sukzessiv auf der genannten unteren Elektrode (34) 
geblldet alnd, welche Rme aus dleiektrtschem Mate- 
rial Jewells spezlnsche dieiektrische Konstanten 
haben, die voneinander verschieden sind. 

Z Piogrammlerbares Element nach Anspruch 1, 
bei dem einer der genannten dielektrischen Flme dn 
SflidumnKridSm(32)ist 

3. Programmierbares Element nach elnem der 
AnsprOche 1 und 2, bel dem einer der genannten 



dielektrischen FUme sin SBchjmoteJollm (33) 1st 

4. Programrnlerbares Element nach elnem der 
Anspruche 1 bis 3, bel dem die genannte ante isolie- 
rende Schicht einen retetiv durtnen SlWurndkuddflm 

9 (33) und elnen reiatlv dicken SIMurimltldflm (32) 
umtafit 

5. Programmierbares Element nach elnem der 
vofhergehenden AnsprOche, bei dem einer der 
genannten dWektrtechen Rme ein SBckitinlridflrn 

10 (32)tet, deretoe DWalmBecekiivon6nmbis20nrn 
hat 

a Prograrnmlerbaree Element nach elnem der 
vorhergehenden AnsprOche, bei dem einer der 
genannten dielektrischen Flme ein Slkjsjrrxftoxkfflrn 
15 (33) 1st der elne Dlcke Im Bemlch vom (W nm bit 10 

run hat 

7. Progia mm ierb a r es Element nach einem der 
vorhergehenden AnsprOche, bel dem das genannto 
Substrat (35) ein HaJWeitersubstrat 1st, das einen Left- 

30 fShlgkertstyp hat, und die genannte untare Bektrode 
(34) elne Verunrelnig^g^tnustorissct^ 1st, die In 
dem genannten Halbleftersubstrat gebldet 1st, die 
genannte VemnreWgungsaTfrusloiisschWU elnen 
LBltfahJgkeftstyp entgegengesatzt zu Jenem dea 

25 genannten Halbterteraubstrats hat, und das genannte 
programmlerbare Element femer elne zwelte laofie- 
rende Schicht (37) umfaOt, die auf dem genannten 
Halbleltersubstrat gebBdet 1st, welche zwelte isotte- 
rende Schicht ein Kontaktloch hat, das eelektiv darin 

30 gebBdet 1st, urn die genannte Verunrelnigungsdrffu- 
slonsschlcht (34) zu exponieren, die genannte erste 
tsofierende Schicht (31) auf dem genannten Kontakt- 
loch gebBdet tot, urn so die genannte exponterte Ver- 
unrelnlgungBdfh\i8lonsschlcht zu bedecken, und der 

55 genannte Lettungsweg zwischen der genannten Ver- 
unrelnlgungsdtffuslonsschlcht (34) und der genann- 
ten oberen Elektrode (36) durch Aufbringen einer 
Spannung dazwlschen hergestellt wird. 

8. Programmierbares Element nach Anspruch 7, 
40 bel dem die genannte zwelte isofierende Schicht (37) 

aus elnem Phosphorslikatglas besteht 

0. Programmierbares Element nach elnem der 
AnsprOche 7 und 8, bel dem (fle genannte Verunrel- 
nigungsdHhisfonsachlcht (34) elnen DraJnberelch 

46 elnes MIS-FETKMetaJWsdata-Ha^ 

transistors) bidet, der In dem genannten Halbteitor- 
substrat geblldet 1st 

10. Programmierbares Element nach elnem der 
vorhergehenden AnsprOche, bei dem die genannte 

so Isofierende Schicht (31) einen SIWumnRrkJfflm (32) 
und elnen Sflkdumdioxidflm (33) umfa&t, der 
genannte Slk^nttrWfflm (32) elne Dfcke hat, die urn 
elnen Faktor Im Bereich von 1 bis 40 grflSer eis jene 
des genannten SlidumdioxkifBmB (33) 1st 

55 11. Programmierbares Element nach einem der 
vorhergehenden AnsprOche, be) dem die genannte 
erste isolierende Schicht (31) einen unten liegenden 
SIHdumnitridfUm (32) und elnen oben liegenden Sll- 
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dumdtoddfflm (33) umfafit 

12. Programmierbares Element nach Anspnich 
11, be) dem der genannte oben llegende Sllidumdlo- 
xJdffm (33) dutch te&weises Oxkfieren der genannten 
unten llegenden SQtehimnftrktechicht (32) gebBdet 1st s 

13. Programmierbares Element nach einem der 
Anspruche 1 bis 10, be] dem die genannte erete lao- 
llerende Schicht elnen unten liegenden SMumdkh 
xldfBm und einen oben liegenden 

#J SUidumnitridfiJn^jmfaat 10 

14. Programmmibarw Element nach Anspnich 

13, bel dem die genannte erste isolierende Schicht 
ferner einen anderen Sflichmvuddfim umfafit, der auf 
dem genannten oben fiegenden SOJcumnltridfiim 
gebDdetist « 

15. Programmierbares Bement nach Anepruch 

14, bei dem der genannte andere SHiciumoxidfiim auf 
dem genannten Siidumnitndfflm durch teOwetses 
Oxldieren des genannten Siidumnltrldffana gebldet 

tet 20 

16. Programmierbares Element nach einem der 
vorhergehenden Anspruche, bei dem die genannte 
obere Elektrode (36) aus einem MetaD oder einer 
Metafleglerung einschfie&Iich Aluminium, Mohybdan 
oder Platingeb»det 1st as 



Revendlcatione 

1. Element programmable pour puce a circuit » 
Integra" semiconducteur, comprenant una couche 
d'electrode Inferisure (34) formee sur un substrat 
(35) ; una premiere couche isolante (31) formee sur la 
couche d'electrode inferieure ; et une couche d*elec- 
trode superieure (36) formee sur la premiere couche 95 
isolante, feiectrode superieure etant separee de 
feiectrode inferieure par la premiere couche isolante, 

si bten que r element programmable est dote (fun tra- 
jet de conduction errtre ies electrodes inferieure et 
superieure lorsqu'une tension susceptible de prove- 40 
quer une rupture electrique dans la premiere couche 
Isolante est appiiquee errtre Ies electrodes superieure 
et Inferieure, 

caracttrise en ce que ladfte premiere couche Isolante 
(31) est constitute d'au moJns deux peflicuJes (32, 33) 46 
de matertaux di&ectriques, qui sort successivement 
formees sur ladite couche (feiectrode Inferieure (34), 
iesdltBS peilicules de materiaux dieiectriques ayant 
des constantes dieiectriques specrfiques qui sont res- 
pectrvement dlfferentes Tune de 1'eutre. so 

2. Bement programmable seion la revendlcatlon 
1, ou fune desdltes peilicules dieiectriques est une 
pellicule de nitrure de slldum (32). 

3. Bernent programmable seion Tune quelcon- 

que des revendicatlons 1 et 2, ou I'une desdltes pel- 65 
licules dieiectriques est une peilicuie de dioxyde de 
8licSum(33). 

4. Bement programmable seion i'une queteon- 



que des revendlcabons 1 a3, ou ladite premiere cou- 
che isolante comprend une pellicule de dioxyde de 
eHicium relatrvement mince (33) et une pellicule de 
nitrure de sfiteJum relatrvement epatese (32). 

5. Bement programmable seion I'une quelcon- 
que des revendlcabons precedentes, ou fune desdl- 
tes pefllcuies dieiectriques est une pellicule de nitrure 
de slidum (32) possedant une epaJsseur comprise 
dans flntervale de 5 nm a 20 nm. 

6. Element progjammable seion fune quefcon- 
que dee revocations precedentes, ou Tune desdl- 
tes peilicules dieiectriques est une pellicule de. 
dioxyde de sDldum (33) ayant une epateeur 
comprise dans rintervaOe de 0,5 nm a 10 nm. 

7. Bement program ma ble seion I'une quelcon- 
que des revindications precedentes, ou ledit eubetrat 
(35) est un substrat semrconducteur possedant un 
certain type de conductivity et ladite electrode Infe- 
rieure (34) est une couche de diffusion dftnpuretftfof- 
mee dans ledit substrat semiconducteur, Kadte 
couche de diffusion d*impurete ayant un type de 
conductMte oppose a celul dudft substrat semicon- 
ducteur, et ledit element programmable comprend en 
outre une deuxieme couche Isolante (37) formee sur 
ledit substrat semiconducteur, ladfte deuxieme cou- 
che isolante possedant un (rou de contact seJectfve- 
ment forme dans celle-ci de facon a exposer ladite 
couche de diffusion cf impure te (34), ladite premiere 
couche isolante (31) etant formee sur ledft trou de 
contact de facon a couvrir ladite couche de diffusion 
d'impurete exposee et ledK trajet de conduction est 
etabli errtre ladite couche de diffusion dTmpureta (34) 
et ladite electrode superieure (36) par application 
(Tune tension entre ceSes-cL 

6. Element programmable seion la revendlcatlon 
7, ou ladfte deuxieme couche isolante (37) est cons- 
dtuee par un verre de phosphosBlcate. 

9. Element programmable seion Tune quelcon- 
que des revendicatlons 7 et 8, ou ladite couche de dif- 
fusion d'impurete (34) constftue la region de drain 
d'un FET MIS (transistor a effet de champ metaWso- 
lant-semiconducteur) forme dans ledit substrat semi- 
conducteur. 

10. Element programmable seion fune queloon- 
que des revendicatlons precedentes, ou ladite pre- 
miere couche isolante (31) comports une peMcule de 
nitrure de sHldum (32) et une pellicule de dioxyde de 
slldum (33), ladite pellicule de nitrure de elldum (32) 
ayant une epaisseur plus grande, d'un facteur 
compris entre 1 et 40, que cefle de ladfte pellicuie de 
dioxyde desDIdum (33),- 

1 1. Eidment progjammabie eolon fune queicon- 
que des revendicatlons precedentes, ou ladite pre- 
miere couche isoiante (31 ) comprend une pefilcuie de 
nitrure de sflicium situee au-dessous (32) et une pel- 
licule de dioxyde de slidum sftuee au-dessus (33). 

12. Element programmabie seion la revendi ca- 
tion 11, ou ladite pellicule de dioxyde de slldum 
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eftuee au-dessus (33) est formee par oxydatlon par- 
tieHe de ladita palllcuie de nltrure de slkaurn aituee 
au-dessoua (32). 

13. Element programmable eelon Tune quelcon- 

que dee ravendications 1a.10.ou ladita premiere cou- 5 
che feolanta comprand una peflicuto da dtoxyde da 
slldum 8ftu6e au-dessous at una pellicula da nttrure 
de aJSdum sltuea au-daasua. 

14. Element programmable salon la revendJca- 

tton 13, ou ladite premiere couche teoianta comprand 10 
an outre una autre peltoule d'oxyde de aBlchim for- 
mee aur ladita peillcule de nhrura de alicaim aituee 
au-deeeue. 

15. Element programmable seton la revendlca- 

tion 14, ou ladtte autre peillcule d'oxyde da afllclum aa 18 
trouvant aur ladita peillcule de nhrura de ailctam eat 
formee par oxydatlon partiefle de ladita penicule de 
nfaure da eQIdum. 

16. Bement programmable salon Tune queJcon- 

qua das revendlcations precedentBS, ou ladita eJec- 20 
trode auperteura (38) eat constitute (fun metal ou 
d"un eJllage de mttai, oompranant ralumlnlum, la 
mdybdene ou le piatine. 
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